Objectives: To examine the accuracy of food composition table (FCT)-based estimation of dietary nutrient element intake in reference to the instrumental measurement by inductively-coupled plasma mass spectrometry (ICP-MS). Design: Cross-sectional study. Setting: Communities. Subjects: 884 adult non-smoking women in 23 study sites in 6 areas in Asia (i.e. China (Mainland), China (Taiwan), Korea, Japan, Malaysia and the Philippines. Methods: 24-hour food duplicate samples foods offered by the women were subjected (1) to the estimation of daily dietary intake of calcium (Ca), phosphorus (P) and iron (Fe), using 6 types of national FCTs one for each area, and (2) to ICP-MS analysis for the measurement of the same elements. Results: Comparison of the estimated values (E) with corresponding measured values (M) in terms of the mean (E)a(M) ratio for each area showed that the ratio was various among the 6 areas studied. Ca showed smallest deviation (69 to 165%) from the agreement (100%), which was followed by P (113 to 306%), whereas Fe showed the largest deviation (124 to 368%).
Introduction
Nutrient elements play important roles in human health, for example, insuf®cient intake of iron has been a leading cause of anemia among people in Asia, especially women of child-bearing ages in rural areas Watanabe et al, 1986; Kuizon et al, 1995) , and possible association of insuf®cient calcium intake in adolescence with osteoporosis in the later stage of life among women is a current focus of discussion in preventive medicine and nutrition (Wark, 1996; Cumming & Nevitt, 1997; Masi & Bilezikian, 1997) . Excess intake of phosphorus is known to affect calcium balance, and comparable intakes are recommended for phosphorus and calcium, for example, for Japanese (Ministry of Health and Welfare, 1994) .
Whereas it is a common practice in public nutrition to use national or regional food composition tables (FCT) as a database to estimate dietary element intake (Acheson et al, 1980) , the reliability of the estimation has been seldom examined. This may probably be due to technical dif®cul-ties to analyze elements in suf®ciently large numbers of food materials for validation. Recently developed inductively-coupled plasma mass spectrometry (ICP ± MS) however makes it possible to carry out simultaneous multielement analysis ef®ciently, and the method can be applied to the analysis of biological materials (Templeton et al, 1989; Whittaker et al, 1989; Ward et al, 1990; Vanhoe, 1993) as well as foods (Ward et al, 1990; Muto et al, 1994) .
In the present study, nearly 900 samples of 24 h food duplicates (Acheson et al, 1980) were collected from adult women in six areas in Asia, and the samples were subjected to estimation of dietary intakes of calcium, phosphorus and iron by use of FCTs established for the areas, and also to instrumental determination of the three elements by ICP ± MS. The results of the comparison between the FCT-based estimates and the measures by ICP ± MS are presented in this report. Preliminary reports have been published by this study group Shimbo et al, 1996a; Zhang et al, 1997a) . Counterpart results on the other ®ve elements (namely, sodium, potassium, magnesium, copper and zinc) will be described in a separate paper (Shimbo et al, 1998) .
Materials and methods

Food duplicate samples
In total, 884 samples of 24 h duplicates of food (Acheson et al, 1980) were collected from adult women in 23 study sites in six areas (namely, China (Mainland), China (Taiwan), Japan, Korea, Malaysia and the Philippines) as summarized in Table 1 . The study sites were mostly in cities, but villages were also included in the case of China (Mainland) and Japan. The protocol for collecting the food duplicate samples was previously described in detail (Watanabe et al, 1992; Shimbo et al, 1993 Shimbo et al, , 1994 Shimbo et al, , 1995 Shimbo et al, , 1996b Shimbo et al, ,c,d,e, 1997 Yamada et al, 1996; Moon et al, 1997; Qu et al, 1997; Zhang et al, 1997b; Nakatsuka et al, 1998) . In brief, each woman who volunteered to donate her food duplicate was instructed to cook ordinary foods (no special dishes) on the day of the survey, and requested to collect all food items (three meals of the day, snacks and drinks (alcoholic or soft, even fresh water if taken)) consumed in a given 24 h period at the same amount and in the same way (for example, with use of mayonnaise, soybean sauce, dips and topping, etc.) as she took them, and keep the duplicate in metal leakage-free plastic containers (that is, boxes for solid foods and bottles for soups and other liquid foods). Completeness of the collection was examined against the meal menu the donor recorded by herself.
Estimation of element intake by means of food composition tables Each food item in the collected food duplicate sample was manually separated under supervision of a veteran nutritionist of the area (who knew local foods well), and its weight was measured to 0.1 g with an electronic balance for weight recording. The food items were coded in reference to the FCT of the area concerned as listed in Table 2 , and intakes of calcium (Ca), phosphorus (P) and iron (Fe) were calculated from the weights and the code numbers in reference to the database in the FCTs, ®rst for each food item, and then for total dietary intake of the day by summing up. Estimation of the used amount of unmeasurable items such as oil, salt and spices was made by the veteran nutritionist through expertise. Ca, P and Fe were selected for this study as they are the three elements listed in all of the six types of FCTs (that is, Institute of Nutrition and Food Hygiene (1991a) for China (Mainland), Department of Health (1991) for China (Taiwan), Resources Council (1982; for Japan, Rural Nutrition Institute (1991) for Korea, Tee et al. (1988a) for Malaysia, Food and Nutrition Research Institute (1990, 1997) for the Philippines) were employed in this study.
Instrumental determination of intakes of the three elements Food items in the food duplicate sample from one individual were pooled and homogenized, with addition of deionized water when necessary. Total weight of the homogenate was calculated by summing up of the weights of food items and the water. A portion (6 g) of the homogenate was wet-ashed by heating in presence of mineral acids (Watanabe et al, 1982) until clear residue (ca. 0.3 ml) was obtained. Each residue was then diluted with the deionized water to a volume of 10 ml. The diluted wet-ash was subjected to ICP-MS analysis after further dilution as appropriate (Table 3) .
The ICP ± MS apparatus was a product of Seiko Instruments (Tokyo, Japan), and was run under the conditions as summarized in Table 3 . Selection of isotopes for the element determination (including that as an internal standard), preparation of calibration curve, and other analysis conditions are shown in Table 4 . It should be noted that the Shimbo et al, 1993 , Ishikawa, Kagoshima, 1995 , 1996b Element intake; FCT vs ICP ± MS ZW Zhang et al detection limit for the element in the sample homogenate is low (namely, 40 mg Ca, 33 mg P or 2 mg Feag) and that the recovery rates were in a range of 94 ± 103% when the water and food homogenate samples (8 each) were spiked with Ca, P and Fe at the ®nal spiking concentrations of 361, 538 and 5 mgal, respectively, and that coef®cients of variation were less than 5%. When two types of certi®ed materials (bovine liver and human total diet) were analyzed for quality control, the measured Ca, P and Fe values were 90 ± 103% of the certi®ed values for the former and 97 ± 98% for the latter (Table 4) , the ratios being considered as satisfactory.
Reagents
Stock solutions (Ca, P and Fe) of certi®ed references (1000 ppm) and mineral acids for trace element analysis were purchased from Wako Pure Chemicals (Osaka, Japan).
Standard reference materials of bovine liver (SRM 1577b) and human total diet (SRM 1548) were obtained from the National Institute of Standards and Technology (Gaithersburg, USA). Deionized water was prepared by ®ltration through a Milipore-Q system (Milipore, Molsheim, France).
Statistical analysis
The distribution of the nutrient element intakes was assumed to be normal, and an arithmetic mean (AM) and an arithmetic standard deviation (ASD) were calculated as representative parameters of the distribution. For statistical analysis, Student's paired t-test, regression analysis, ANOVA, multiple comparison (Bonferroni and Scheffe) and U-test were employed as necessary. In the regression analysis, the agreement between the two variables examined was considered good when the slope was close to 1.0, Purchased from the National Institute of Standards and Technology (Gaithersburg, USA).
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and poor when the slope deviated widely from 1.0, when the intercept was small and the correlation coef®cient was close to 1.0.
Results
Relation of estimated Ca intakes as compared with measured intakes
Ca intake via food items in each food duplicate sample was estimated based on the database in the FCT, and the results (that is the estimated values or (E)) were grouped for each of the six study areas. The wet-ash samples of the same food duplicates were measured for Ca by ICP ± MS (the measured values or (M)), and the two results of (E) and (M) were compared on an area basis ( Table 5 ). The comparison of the means showed that the ratio of the mean of the (E) over that of the (M) (that is the (E)a(M) ratio in Table 5 ) varied depending on the areas studied from a low of 69% in the Philippines to a high of 165% in Malaysia.
When compared on an individual basis in each area, paired t-test showed that the difference between the pairs was signi®cant (P`0.05) in all areas except for China (Taiwan) where the two values in pair did not differ signi®cantly (P b 0.70). Regression analysis taking the (M) on the horizontal axis and the (E) on the vertical axis showed that none of the slopes was greater than 0.5 indicating poor agreement of (E) with (M), although the pairs correlated signi®cantly (P`0.02 (even in the worst cases of Malaysia and the Philippines) for r of 0.3 or greater) with each other.
Relation of estimated values with measured values in P and
Fe intakes Similar analyses were carried out with P and Fe. The results are summarized in Tables 6 and 7, respectively.
Regarding P, the comparison on a group basis showed that the (E) were generally greater than the (M) with the (E)a(M) ratio in a range of 113% for Japan to 306% for the The unit for measured and estimated values is mgad. a a and b are parameters of a calculated regression line, Y a bX, where X and Y are measured and estimated daily intake of the element, respectively. r is a correlation coef®cient, and P is for the signi®cance of the r. The unit for measured and estimated values is mgad. a a and b are parameters of a calculated regression line, Y a bX, where X and Y are measured and estimated daily intake of the element, respectively. r is a correlation coef®cient, and P is for the signi®cance of the r. The unit for measured and estimated values is mgad. a a and b are parameters of a calculated regression line, Y a bX, where X and Y are measured and estimated daily intake of the element, respectively. r is a correlation coef®cient, and P is for the signi®cance of the r.
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Philippines. Accordingly, the paired t-test indicated that the difference between the pairs was signi®cant (P`0.01) in all areas. In regression analysis, the slope was as shallow as 0.2 for Japan whereas it was 1.0 for the Philippines, although the r's were 0.38 or greater with P`0.01 for all cases. Even greater differences were observed in the cases of Fe. Namely, the (E)a(M) ratios were in a range of 124% (for Korea) to 368% (for Malaysia) when comparison was made on a group basis, and the paired t-test when compared on an individual basis showed signi®cant (P`0.01) differences in all cases. In regression analysis, the slopes were in excess of 1.0 for Malaysia and the Philippines, and as small as 0.2 for Japan, although rs were in a range of 0.3 ± 0.7 and were all signi®cant (P`0.01).
Possible roles of different food composition tables in inducing large (E)a(M) ratio
The FCTs used were different depending on the areas studied (Table 2) . It was thus quite conceivable that the variation in the (E)a(M) ratio among the six areas in Asia may be attributable to the difference in the FCTs used. In order to examine this possibility, two areas of China (Mainland) and Japan were selected because 5 and 11 study sites, respectively, were available in these areas whereas it was four or less in other areas. It should be noted that the FCT of the whole China version (established by Institute of Nutrition and Food Hygiene (1991a); Table  2 ) was used throughout the ®ve sites in China (Mainland) by one veteran Chinese nutritionist, and that one version of the tables (Resources Council 1982) was applied to all 11 sites in Japan by one well-trained Japanese nutritionist. The comparison of China (Mainland) and Japan with all Asia in terms of the variation range in the (E)a(M) ratio for Ca, P and Fe is summarized in Table 8 .
The comparison showed that there was a substantial overlapping in the range; none of the lower limit in the distribution was greater than any of the upper limit of others. As the standard deviation was less than a half of the corresponding mean suggesting that a normal distribution might be applicable, the ratios were compared by ANOVA without conversion followed by multiple comparison test. No signi®cant difference was detected (P b 0.10) among the three means of Ca or P. The Fe ratio was signi®cantly (P`0.05) different among the three cases, which is attributable to the fact that the ratio for Japan was signi®cantly (P`0.05) smaller than the ratio for all Asia.
Discussion
In this present study, 884 food duplicate samples collected from adult women in 23 sites in six areas in Asia were subjected to the FCT-based estimation (E) of daily dietary intake of Ca, P and Fe, and to ICP ± MS analysis for the measurement (M) of the same elements. The comparison of the (E) with corresponding (M) in terms of the mean (E)a(M) ratio for each area showed that the ratio varied among the six areas studied (Tables 5 ± 7 ). The deviation from 100% (or the agreement) was smallest for Ca (69 ± 165%; Table 5), followed by P (113 ± 306%; Table 6 ) and largest for Fe (124 ± 368%; Table 7 ). It was further made clear that such wide variation was not due to the fact that locally established FCT was employed for each area, because the inter-study site variation when one FCT was used for multiple sites in one area was as large as the interarea variation with six different FCTs.
Whereas three possibilities exist theoretically to explain the difference between the (E) and the (M), that is, either one or both are inaccurate, the quality control of the measurements with the ICP ± MS was quite satisfactory for each of the three elements ( Table 4 ) to indicate that the (E) values are, and the remaining possibility is inaccuracy of the FCT-based estimation. It should also be noted that the deviation of the (E) values from the (M) values varies among the three elements studied and also depending on the area studied (and therefore FCTs used; Tables 5 ± 8) .
In this connection, the limitation of food duplicate method in estimating element intakes should also be considered. In case of the food duplicate method, the weight of each food item is measured as cooked (except, for example, vegetable salad in which weight of fresh vegetables will be measured). Although many FCTs offer the values also for cooked foods, the number of items is generally more abundant for fresh foods than cooked foods. The possibility should also be taken into account that some element, especially when in the form of water-soluble compounds, might be lost during the cooking process. Although no quantitative data are available to prove this possibility, this might explain at least in part why the FCT- Taking Ca intake in Malaysia and the Philippines as examples where the estimates for the two areas are rather close to each other, the measured intake for the latter was more than three times as high as the value for the former (Table 5) , because the FCTs for the two areas give overand under-estimation, respectively. Similarly, Fe intakes as estimated for China (Taiwan), Korea and the Philippines were in a narrow range of 13.0 ± 14.1 mgad ( Table 7) . The ICP ± MS determination however showed much wider distribution range of 4.0 ± 11.4 mgad, because the estimate was rather accurate for Korea (124%) whereas quite in excess ( b 300%) for other two areas. The risk of overestimation of Fe intake should be therefore quite high for China (Taiwan) and for the Philippines. Table 9 summarizes the recommended dietary allowances (RDAs) for the three elements together with the body weight of the reference woman in the six areas. The reference woman is smaller in body weight for Malaysia and the Philippines than for other areas. This may at least partly explain lower RDAs for Ca (450 and 550 mgad) for Malaysian and Filipino women than for their counterparts in other areas (600 ± 800 mg Caad). Nevertheless, the trend of the FCT toward over-estimation might induce an additional risk in public nutrition for Malaysian women, especially when the Ca intake is already low (Table 5) .
Comparison on RDAs for Fe (Table 9) shows that the values for Malaysian and Filipino women (26 ± 28 mg Fead) are much higher than the levels for those in other areas (12 ± 18 mgad). The Filipino RDA Committee (1989) indeed recommends supplementation because this allowance of 26 mg Fead cannot be met by usual diet in the Philippines. Whereas no apparent reasons for these high RDA values for Malaysian and Filipino women are available except that bioavailability of Fe in Filipino foods is low (RDA Committee, 1989) , such high values might be related to the trends of over-estimation of FCTs in these areas (302 and 368%; Table 7 ). When the RDAs for Fe (Table 9 ) are divided by the corresponding (E)a(M) ratios (Table 7) , the values for Malaysia (7.6) and the Philippines (8.3) are much closer in fact to those for China (Mainland) and Japan (8.9 and 9.0, respectively).
With regard to P, it is known that excess dietary P intake may induce disturbance in Ca balance (National Research Council, 1993) . Nevertheless, the RDA values recommended by various national authorities distribute in a wide range of 500 ± 1300 mgad, the ratio between the maximumathe minimum being as large as 2.6. Therefore, no precise evaluation can be made with regard to possible implication of over-estimation of dietary P intake in public nutrition.
Conclusion
Overall, this present study showed that the FCT-based estimates of dietary intakes of Ca, P and Fe differ from the results of instrumental analysis for the elements. Whatever the causes of the differences are, the implication of the difference in public nutrition cannot be overlooked. The body weight (in kg) of a reference woman.
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